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ABSTRACT
In this paper we investigate the nature of 27 star cluster candidates, most of them
projected towards the Galactic anticentre. We derive fundamental parameters for 20
confirmed clusters, among these 7 are new identifications. Four of the remaining are
uncertain cases that require deeper photometry to establish their nature, and 4 are
probably field fluctuations. In addition, we provide a partial census of the open clusters
towards the Galactic anticentre. We also include in this study some interesting objects
outside the anticentre region, in the second and third Galactic quadrants, mainly in
the Perseus and Outer arms. These clusters confirm the extension of the Outer arm
along the third quadrant. We also point out that the embedded cluster FSR 486, at
a distance of 7.2± 1.3 kpc from de Sun, is projected on the line of sight of the Local
Group irregular dwarf galaxy IC 10. Thus, part of the unusual properties of IC 10 may
be explained by a Galactic contamination. We point out the importance of embedded
clusters in tracing the spiral structure.
Key words: (Galaxy:) open clusters and associations:general; Galaxy: disc; Galaxy:
structure; Galaxy: catalogues; galaxies: dwarf galaxies;
1 INTRODUCTION
Trumpler (1930) was the pioneer in using star clusters as
tracers of the Galactic structure. Since then, several works
have used open clusters (OCs) as probes to trace the struc-
ture and understand the dynamics of our Galaxy, especially
the disk (Janes & Adler 1982; Friel 1995; Kroupa 2002;
Bonatto et al. 2006; Piskunov et al. 2006; Bobylev 2007;
Va´squez et al. 2008).
Given the importance of OCs to increase our
knowledge of the Galaxy, numerous efforts have been
made to expand the OC sample and improve the ac-
curacy of the derived parameters. On the observa-
tional point of view, several catalogues and surveys
were compiled (Alter, Ruprecht & Vanysek 1970; Lyng˚a
1987; Dias et al. 2002; Dutra et al. 2003; Bica et al.
2003a,b; Bica & Bonatto 2005; Kharchenko et al. 2005a,b;
Froebrich, Scholz & Raftery 2007; Koposov et al. 2008;
Glushkova et al. 2010). In this sense, we have contributed
significantly to increase the number of clusters with parame-
ters derived towards the Galactic anticentre (Camargo et al.
2010, 2011, 2012, - thereafter Papers I, II, and III).
To improve the accuracy of the cluster param-
eters, our group has developed a series of tools
and procedures (Bonatto & Bica 2007b; Bica et al. 2008;
Bonatto, Lima & Bica 2012). In particular, a field decon-
tamination algorithm (Sect. 2) that is essential to better de-
termine the cluster members and differentiate physical sys-
tems from field fluctuations, mainly in the analysis of poorly
populated objects, those in crowded fields or embedded in
nebulae (Bonatto & Bica 2009, 2011b; Camargo et al. 2009,
2011, 2012; Pavani et al. 2011; Gu¨nes¸ et al. 2012).
In the present work we investigate the nature of some
subsamples of star cluster candidates. In the first one, we
test the nature of cluster candidates towards the Galactic
anticentre, in the sector 160◦ 6 ℓ 6 200◦. Ten of them are
NGC cluster candidates. These objects have recently been
included in a catalogue of overlooked NGC OCs (Tadross
2011). We employ a field decontamination procedure to un-
cover the intrinsic cluster CMDs. Another subsample is can-
didate clusters from Froebrich, Scholz & Raftery (2007). We
also analyse some interesting objects outside the anticentre
region. In addition, we provide new clusters discovered by
ourselves (CBB 10 to CBB 16) following the CBB series
(Papers II and III). The search for new clusters are made
by eye on WISE, 2MASS, and XDSS images. Then, we con-
densed our recent contributions to the anticentre clusters
into a catalogue (Papers I, II, and III). Using this catalogue
we investigate properties of both anticentre clusters and the
2nd and 3rd quadrants.
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Figure 1. 2MASS CMDs extracted from the R = 3′ region of
NGC 1857. Top panels: observed CMDs J × (J − H) (left) and
J × (J −Ks) (right). Middle: equal area comparison field. Bot-
tom: field-star decontaminated CMDs fitted with 150 Myr Padova
isochrones (solid line). The colour-magnitude filter used to isolate
cluster stars is shown as a shaded region.
The paper is organized as follows. In Sect. 2 we present
the 2MASS photometry and describe the methods and tools
employed in the CMD analyses, especially the field star de-
contamination algorithm. Sect. 2.3 is dedicated to the dis-
cussion of the methods and tools used for the analysis of
the cluster structure. In Sect. 3 we present the results of the
analyses of cluster candidates, and derive astrophysical pa-
rameters (age, reddening, distance, core and cluster radii) of
the confirmed OCs. In Sect. 4 we discuss the results. Finally,
in Sect. 5 we provide the concluding remarks.
2 2MASS PHOTOMETRY AND ANALYTICAL
TOOLS
We analyse the cluster candidates with 2MASS1 photometry
(Skrutskie et al. 2006) in the J , H and Ks bands, extracted
1 The Two Micron All Sky Survey, available at
www..ipac.caltech.edu/2mass/releases/allsky/
8
10
12
14
16
J
8
10
12
14
16
J
0 0,5 1 1,5 2
(J-H)
8
10
12
14
16
J
PMS 3Myr
PMS 1Myr
PMS 10Myr
PMS 1kyr
MS 2Myr
0 0,5 1 1,5 2 2,5
(J-Ks)
NGC1624 obs. R=2’
Sky R=2’
Clean R=2’
Figure 2. Same as Fig. 1 for NGC 1624. The circle on the decon-
taminated CMDs indicates an O star. The decontaminated CMD
of NGC 1624 was fitted with Padova isochrones (2 Myr) for the
MS and Siess (0.1, 1, 3, and 10 Myr) for PMS stars. We also show
the reddening vector for Av = 0 to 5.
in circular concentric regions centred on the coordinates
given in Table 2 using VizieR2. Large extraction areas are es-
sential for a consistent field star decontamination (Sect. 2.1)
and to obtain RDPs (Sect. 2.3) with a high contrast rela-
tive to the background. In addition, 2MASS provides an
all-sky coverage with the spatial and photometric unifor-
mity required for high star-count statistics. As a photometric
quality constraint, the 2MASS extractions were restricted to
stars with errors in J , H and Ks smaller than 0.2 mag.
The extraction radius was chosen by visual inspetion on
the WISE image and taking into account the RDP, in the
sense that the profile must become relatively stable in the
outer region. The wide extraction area is needed to provide
the required statistics, in terms of magnitude and colours,
for a consistent field star decontamination.
2 http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=II/246.
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Table 1. General data of the present star clusters or candidates.
Target α(2000) δ(2000) ℓ b
(hm s) (◦ ′ ′′) (◦) (◦)
(1) (2) (3) (4) (5)
CBB 10 4:05:58 51:06:07 151.05 -0.83
CBB 11 4:40:27 50:28:30 155.33 2.59
CBB 12 4:41:14 50:28:00 155.42 2.68
CBB 13 6:27:39 12:32:39 199.08 0.51
CBB 14 6:54:34 00:14:58 213.06 0.81
CBB 15 6:54:46 00:23:38 212.96 0.92
CBB 16 7:18:34 -13:12:42 227.75 -0.108
FSR486 0:20:21 59:19:05 118.96 -3.31
FSR831 6:28:50 33:38:46 180.63 10.95
FSR835 4:53:59 20:18:28 180.90 -13.93
FSR843 7:00:37 35:04:38 181.67 16.93
FSR851 5:14:39 19:48:01 183.85 -10.88
FSR909 6:15:46 19:00:49 192.03 1.04
FSR913 5:25:26 11:35:20 192.67 -12.57
FSR1099 6:34:27 -3:49:37 214.41 -5.52
FSR1234 7:31:10 -15:25:46 231.16 1.53
NGC1624 4:40:38 50:27:45 155.36 2.61
NGC1807 5:10:46 16:30:30 186.09 -13.495
NGC1857 5:20:04 39:18:38 168.43 1.23
NGC2026 5:43:12 20:08:00 187.23 -05.059
NGC2039 5:44:00 8:41:30 197.58 -10.274
NGC2063 5:46:43 8:46:54 197.29 -10.766
NGC2165 6:11:0.4 51:40:36 162.16 15.13
NGC2224 6:27:28 12:36:55 198.99 0.51
NGC2248 6:34:35 26:18:16 187.54 8.24
NGC2331 7:06:59 27:15:42 189.728 15.218
NGC2666 8:49:47 44:42:12 175.92 39.278
Table Notes. Cols. 2− 3: Central coordinates. Cols. 4− 5: Corre-
sponding Galactic coordinates.
2.1 Field-star decontamination
There is evident contamination by field stars in the ob-
served CMDs of the present cluster candidates. Therefore,
we applied the field-star decontamination procedure given
by Bonatto & Bica (2007a) to uncover the intrinsic CMD
morphology from the foreground/background stars.
The decontamination algorithm is described in detail
in Bonatto & Bica (2007b) and Bica et al. (2008), there-
fore we provide a brief description. The tool divides the
CMD into a 3D grid of cells with axes along the J mag-
nitude and the (J − H) and (J − Ks) colours, computing
the expected number-density of field stars in a given cell
based on the number of comparison field stars with mag-
nitude and colours compatible with those of the cell. Sub-
sequently, it subtracts the expected number of field stars
from each cell. Typical cell dimensions are ∆J = 1.0, and
∆(J −H) = ∆(J −Ks) = 0.2, which are large enough to
allow sufficient star-count statistics in individual cells and
small enough to maintain the morphology of the CMD evo-
lutionary sequences.
The comparison field used in the decontamination pro-
cedure is chosen by considering the field in the cluster neigh-
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Figure 3. 2MASS CMDs of the candidates NGC 1807, NGC
2026, NGC 2039, NGC 2063, and NGC 2165. Top panels: ob-
served CMDs J × (J −H). Middle: equal area comparison field.
Bottom: field-star decontaminated CMDs. The decontaminated
CMD of NGC 1807 was fitted with Padova isochrones (3 Myr)
for the MS and Siess (0.1, 1, and 8 Myr) for PMS stars. We also
show the reddening vector for Av = 0 to 5.
bourhood. In general, large field areas are required to ensure
statistical representativeness of field stars. The decontami-
nation constraints more the parameters derived, especially
for low-latitude OCs and ECs.
We argue that it is not an easy task to establish the na-
ture of faint objects and/or those in crowded field, thus the
field star decontamination algorithm plays an important role
in disentangling physical CMD sequences from field fluctu-
ations.
2.2 Fundamental parameters
We estimate the fundamental parameters using the decon-
taminated CMD morphology fitted by eye with Padova
isochrones (Marigo et al. 2008). The derived parameters
are the observed distance modulus (m − M)J and red-
dening E(J − H), which converts to E(B − V ) and AV
with the relations AJ/AV = 0.276, AH/AV = 0.176,
AKs/AV = 0.118, AJ = 2.76 × E(J −H) and E(J −H) =
c© 0000 RAS, MNRAS 000, 1–14
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Figure 4. Same as Fig. 3 for NGC 2248, NGC 2331, and NGC
2666, for NGC 2224 is shown the J × (J −Ks) CMDs.
0.33 × E(B − V ) (Dutra, Santiago & Bica 2002). We as-
sume a constant total-to-selective absorption ratio RV = 3.1
(Cardelli, Clayton & Mathis 1989). The analysis is based on
both CMDs, J × (J −H) and J × (J −Ks), but for brevity
we show only one of them for most objects. For clusters
presenting stars with IR-excess we provide J × (J − Ks)
CMDs. Decontaminated CMDs are shown in Figs. 1 to 9.
The parameter errors have been estimated by displacing the
best-fitting isochrone in colour and magnitude to the limit-
ing point where the fit remains acceptable.
2.3 Cluster structure
The structure of each cluster candidate is analysed by means
of the stellar radial density profile (RDP), which is built with
stars selected after applying the respective colour magni-
tude (CM) filter to the observed photometry. The CM filter
isolates the probable cluster sequences excluding stars with
different colours, enhancing the RDP contrast relative to
the background (e.g. Bonatto & Bica 2007a, and references
therein). Nevertheless, it is expected that residual field stars
with colours similar to those of the cluster remain in the CM
filter. The effect of this residual contamination in the intrin-
sic RDP depends on the relative densities of field and cluster
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Figure 5. 2MASS CMDs extracted from the central region
of CBB 11, CBB 12, CBB 13, and CBB 16. Top panels: ob-
served CMDs J×(J−Ks). Middle panels: equal area comparison
field. Bottom panels: field-star decontaminated CMDs fitted with
Padova isochrones for the MS and Siess isochrones for PMS stars.
We also give the reddening vector for Av = 0 to 5.
stars. The practical effect of applying the CM filter in the
cluster sequences is a significant enhancement of the con-
trast of the RDP with respect to the background. However,
for ECs with stars presenting IR-excess the filter frequently
selects all stars in the decontaminated CMDs of the cluster
central region, but the filter is applied in the overall observed
photometry. To avoid oversampling near the centre and un-
dersampling for large radii, the RDPs were built by counting
stars in concentric rings of increasing width with distance to
the centre. The number and width of rings are adjusted so
that the resulting RDPs present adequate spatial resolution
with moderate 1σ Poisson errors. The R coordinate (and
respective uncertainty) of a given ring within the RDP cor-
responds to the average distance to the cluster centre (and
standard deviation) computed for the stars within the ring.
The CM filters for clusters with RDPs following a King’s
law (King 1962) are shown in Figs. 1, 2, and 9 as the shaded
area superimposed on the field-star decontaminated CMD.
RDPs are shown in Figs. 10 and 11.
Following previous work (e.g., Bica & Bonatto 2011;
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Table 2. Derived fundamental parameters for confirmed star clusters in the present study.
Cluster phase AV Age d⊙ RGC xGC yGC zGC
(mag) (Myr) (kpc) (kpc) (kpc) (kpc) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Confirmed OCs
CBB 10 EC 2.18± 0.2 2± 1 7.2± 1.2 13.98± 1.2 −13.54± 1.2 3.49± 0.33 −0.1± 0.01
CBB 11 EC 2.58± 0.2 2± 1 6.0± 1.0 12.9± 1.0 −12.65± 1.0 +2.49± 0.24 0.27± 0.03
CBB 12 EC 2.18± 0.2 2± 1 6.0± 1.0 12.9± 1.0 −12.69± 1.0 +2.46± 0.25 0.34± 0.03
CBB 13 ECt 2.78± 0.2 20 ± 10 3.5± 0.5 10.6± 0.5 −10.53± 0.5 −1.17± 0.11 0.07± 0.01
CBB 14 EC 1.39± 0.2 1± 1 6.7± 1.0 13.3± 1.0 −12.8± 1.0 −3.63± 0.4 0.1± 0.02
CBB 15 EC 2.18± 0.2 2± 1 7.2± 1.5 13.85± 1.5 −13.28± 1.5 −3.93± 0.5 0.12± 0.01
CBB 16 EC 1.29± 0.2 3± 2 4.25± 0.75 10.56± 0.7 −10.08± 0.7 −3.14± 0.3 −0.01± 0.01
FSR486 EC 2.18± 0.2 2± 1 7.2± 1.3 12.4± 1.3 −10.71± 1.2 6.31± 0.80 −0.42± 0.04
FSR831 ECt 2.28± 0.2 2± 1 6.2± 1.2 13.37± 1.2 −13.33± 1.2 −0.03± 0.01 1.12± 0.11
FSR835 ECt 3.47± 0.2 20 ± 10 3.07± 0.4 10.22± 0.4 −10.20± 0.4 −0.05± 0.01 −0.74± 0.07
FSR843 ECt 3.47± 0.2 10± 5 6.71± 0.6 13.8± 0.9 −13.64± 0.9 −0.19± 0.02 +1.95± 0.19
FSR851 ECt 1.98± 0.2 5± 3 6.16± 1.1 13.3± 1.2 −13.26± 1.2 −0.41± 0.04 −1.16± 0.11
FSR909 EC 1.98± 0.2 1± 1 6.45± 1.0 13.5± 1.0 −13.53± 1.0 −1.34± 0.15 0.12± 0.01
FSR913 ECt 4.46± 0.2 5± 3 3.56± 0.5 10.7± 0.6 −10.61± 0.6 −0.76± 0.08 −0.78± 0.07
FSR1099 ECt 1.98± 0.2 3± 2 8.12± 1.5 14.6± 1.5 −13.9± 1.5 −4.57± 0.44 −0.78± 0.08
FSR1234 EC 2.48± 0.2 2± 1 5.0± 0.8 11.1± 0.9 −10.38± 0.8 −3.92± 0.37 0.13± 0.01
NGC1624 EC 2.58± 0.2 2± 1 6.0± 1.0 12.9± 1.0 −12.65± 1.0 +2.49± 0.24 0.27± 0.03
NGC1807 EC 2.78± 0.2 3± 2 2.79± 1.0 9.94± 1.0 −9.92± 1.0 −0.29± 0.03 −0.65± 0.06
NGC1857 OC 1.98± 0.2 150 ± 50 2.8± 0.5 10.0± 0.5 −9.99± 0.5 +0.56± 0.05 +0.06± 0.01
NGC2224 ECt 2.28± 0.2 20 ± 20 2.36± 0.5 9.48± 0.5 −9.45± 0.5 −0.77± 0.1 0.02± 0.01
Table Notes. Col. 2: evolutionary phase - EC means embedded cluster, ECt embedded cluster in probable phase transition, and OC
open cluster; Col. 3: AV in the cluster’s central region. Col. 4: age, from 2MASS photometry. Col. 5: distance from the Sun. Col. 6:
RGC calculated using R⊙ = 7.2 kpc for the distance of the Sun to the Galactic centre (Bica et al. 2006). Cols. 7 - 9: Galactocentric
components.
Table 3. Structural parameters for clusters in the current sample.
Cluster (1′) σ0K Rcore RRDP σ0K Rcore RRDP ∆R
(pc) (∗ pc−2) (pc) (pc) (∗ ′−2) (′) (′) (′)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
FSR486 2.09 2.8± 1.0 1.75± 0.48 17.1 ± 3.1 12.11± 4.4 0.84± 0.23 8.2± 3.0 20− 40
FSR913 1.03 8.48± 1.2 0.52±0.04 5.2± 1.5 9.0± 1.3 0.51± 0.04 5.0± 1.5 20− 60
FSR1099 2.35 1.27± 0.5 1.34± 0.47 14.1 ± 3.5 7.0± 2.8 0.57 ± 0.2 6.0± 1.5 20− 60
FSR1234 1.46 3.1± 1.5 1.0± 0.27 10.2 ± 2.9 6.65± 2.2 0.74± 0.19 7.0± 2.0 20− 50
NGC1624 1.73 15.97 ± 6.4 0.64± 0.17 6.9± 1.7 47.8± 19.1 0.37 ± 0.1 4.0± 1.0 20− 40
NGC1857 0.82 10.8± 5 0.88± 0.25 16.4 ± 4.1 7.26± 3.4 1.08 ± 0.3 20.0± 5.0 40− 80
Table Notes. Col. 2: arcmin to parsec scale. To minimise degrees of freedom in RDP fits with the King-like profile (see text), σbg was
kept fixed (measured in the respective comparison fields) while σ0 and Rcore were allowed to vary. Col. 11: comparison field ring.
Bonatto & Bica 2010, 2011a) we fit the RDPs with the func-
tion σ(R) = σbg+σ0/(1+(R/Rcore)
2, where σbg is the resid-
ual background surface density of stars, σ0 is the central den-
sity of stars and Rcore is the core radius. The cluster radius
(RRDP ) and uncertainty can be estimated by considering the
fluctuations of the RDPs with respect to the residual back-
ground. RRDP corresponds to the distance from the centre
where both RDP and comparison field become statistically
indistinguishable. This function, applied to star counts, is
similar to that introduced by King to describe the surface-
c© 0000 RAS, MNRAS 000, 1–14
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Figure 6. Same as Fig. 3 for CBB 15, CBB 10, CBB 14, FSR
835, and FSR 1234. The square in CBB 14’s subtracted diagram
indicates a Be star.
brightness profiles in the central parts of GCs. To minimise
degrees of freedom σbg is measured in the comparison field
and kept fixed.
3 RESULTS
The present objects are classified into three groups, accor-
ding to the photometric and RDP analyses. The group of
confirmed open clusters includes the objects for which it
was possible to derive fundamental parameters (Tables B1
and B2). The objects classified as uncertain cases present
less defined decontaminated CMD sequences. These objects
generally present irregular RDPs. However, ECs may also
present these irregularities. The objects whose evolutionary
sequences were not recognized were classified as field fluctu-
ations.
3.1 Galactic anticentre candidates
We adopt as Galactic anticentre the sector 160◦ 6 ℓ 6 200◦
analysed in our previous works (Papers I, II, and III). The
objects of the present sample in this sector are FSR 831,
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Figure 7. Same as Fig. 1 for FSR 486.
FSR 835, FSR 843, FSR 851, FSR 909, FSR 913, 12 NGC
cluster candidates, and the newly discovered CBB 13.
The decontamination procedure and structural analy-
sis show that most of the present NGC OC candidates are
probably field fluctuations. We were able to derive the funda-
mental parameters for NGC 1624 (see also Jose et al. 2011),
NGC 1807 (Balaguer-Nu´n˜ez et al. 2004), and NGC 1857
(Tab. 2) and structural parameters for NGC 1857 (Tab. 3).
We classify NGC 2026, NGC 2063, NGC 2248, and NGC
2331 as uncertain and suggest deeper photometry to deter-
mine their nature. The remaining NGC objects are probably
field fluctuations.
Fig. 1 shows the J × (J −H) and J × (J −Ks) CMDs
extracted from a region R = 3′ centred on the coordinates of
the confirmed cluster NGC 1857 (top-panels). The middle
panels show the comparison field corresponding to a ring
with the same area as the central region. In the bottom
panels we show the decontaminated CMDs fitted with 150
Myr Padova isochrones (Marigo et al. 2008). Figs. 3 and 4
show the CMDs for the remaining NGC OC candidates.
We also derive fundamental parameters for CBB 13,
FSR 831, FSR 835, FSR 843, FSR 851, FSR 909, and FSR
913 (Tab. 2 and Figs. 5, 6, and 9) and structural parameters
for FSR 913 (Tab. 2 and Fig. 11).
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Figure 8. Same as Fig. 1 for FSR 831.
3.2 Additional objects outside the anticentre slice
We also analyse 10 overdensities outside the anticentre re-
gion, 6 of them discovered in the present work. These clus-
ters might help uncover the spiral structure in the Outer
Galactic disk. CBB 10, CBB 11, CBB 12, NGC 1624, and
FSR 486 are distant clusters located in the Outer arm in the
second quadrant. CBB 11, CBB 12, and NGC 1624 are re-
lated to the H II region Sh2-212 that is probably developing
a sequential star formation triggered by massive stars within
NGC 1624 (Deharveng et al. 2008). CBB 14, CBB 15, CBB
16, FSR 1234, and FSR 1099 help trace the spiral structure
(Perseus and Outer arms) in the third quadrant.
We derive fundamental parameters for the clusters (Ta-
ble 2) and the structural parameters for FSR 486, FSR 1099,
FSR 1234, and NGC 1624 (Table 3). CMDs for the newly
found clusters are shown in Figs. 5 and 6, for NGC 1624 in
Fig. 4, and the remaining clusters in Figs. 6 and 9.
4 DISCUSSION
4.1 General
The present work is part of a series of papers dedicated to
the analysis of the Galactic anticentre star clusters in the
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Figure 9. Same as Fig. 3 for FSR 843, FSR 851, FSR 913, FSR
909, and FSR 1099.
sector 160◦ 6 ℓ 6 200◦ (Papers I, II, and III). The result
of this effort is a catalogue of OCs and ECs in the Galactic
anticentre direction (Tables 2 and B1 - online material). Be-
sides the present sample we also include in this study some
additional interesting objects outside the anticentre region.
The fundamental parameters derived for the catalogued
star clusters are shown in Table B1 and the structural pa-
rameters are shown in Table B2.
Recent observations indicate that nebulae may present
several cluster-forming close clumps with ongoing star for-
mation, mainly in filamentary structures (Gutermuth et al.
2008; Camargo et al. 2011; Feigelson et al. 2011;
Camargo et al. 2012; Fernandes, Gregorio-Hetem & Hetem
2012). After the gas expulsion phase, the surviving clumps
may form an association of clusters or merge forming a
massive single cluster (Paper III). As a result, it is possible
that young clusters present CMDs with considerable age
spread and large RDPs with several bumps and dips.
On the other hand, Parmentier & Pfalzner (2012) point
out that, for a spherical gas clump, the cluster central re-
gion forms first, and then the star formation propagates
outwardly. In this sense, several young clusters present a
bimodal star formation (Pfalzner 2009). This bimodality ap-
pears to be dependent on both radius and time. Most clus-
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Figure 10. Radial density profiles for the confirmed clusters
NGC 1857, NGC 1624, NGC 1807, and FSR 843, for the un-
certain cases NGC 2026, NGC 2063, NGC 2224, NGC 2248, and
NGC 2331, and for the probable field fluctuations. Brown hor-
izontal shaded region: stellar background level measured in the
comparison field. Gray regions: 1σ King fit uncertainty.
ters probably undergo a substructured phase with RDPs
that do not follow a King law and CMDs with some age
spread. Some clusters of the present sample, such as CBB
13 and NGC 2224, may present this effect, with a significant
spread in age. Other clusters, especially ECs, present RDPs
concentrated in the central region, such as CBB 12, CBB
13, CBB 14, and CBB 15.
4.2 FSR 486 and the Dwarf galaxy IC 10
Our CMD and RDP (Figs. 7 and 11) indicate the star cluster
nature of FSR 486 (Froebrich, Scholz & Raftery 2007). We
point out that FSR 486 is projected towards the Local Group
star forming galaxy IC 10 (Fig. 12), which has been studied
with HST data (Sanna et al. 2010). Comparing the CMDs
and considering the different photometric bands of both
studies, the CMD sequences of the star cluster and galaxy
hardly overlap (Fig. 13). The set of Wolf-Rayet and O stars
from IC 10 are too faint to be present in the 2MASS photom-
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Figure 11. Radial density profiles for the remaining confirmed
clusters.
etry 3. Hence, our CMDs (Fig. 7) consist exclusively of FSR
486 stars. The derived distance modulus to IC 10 in previous
works is larger than 24 mag (Borissova et al. 2000; Hunter
2001; Sanna et al. 2008; Gonc¸alves et al. 2012). However, we
derive a distance modulus of ≈ 14 mag for FSR 486. We
also point out the possible presence of an HII region where
the EC FSR 486 is forming. IC 10 presents unusual gas
kinematics, star formation and physical parameters (Cohen
1979; Bolatto et al. 2000; Sanna et al. 2010, and references
therein), but part of this scenario may be a contamination
by the Galaxy.
4.3 Galactic distribution
Fig. 14 shows the spatial distribution of the clusters in Pa-
pers I, II, and III and in the present work on a schematic
view of the Galactic disk (Momany et al. 2006). We clas-
sify the present clusters into two age ranges, younger than
30 Myr and older. The shaded area indicates the sector
160◦ 6 ℓ 6 200◦. Panels (a), (b), and (d) allow the separa-
tion of the Perseus and Outer Arm. However, they overlap
the Perseus and Local Arms. Our sample of older clusters
3 see http://simbad.u-strasbg.fr/simbad/sim-fcoo
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Figure 12. Left: WISE image composition (60′ × 60′) of dust emission centred on FSR 486 and IC 10. Right: composite colour image
(20′ × 20′) of the WISE bands centred on FSR 486. All stars in both panels belong to the embedded cluster FSR 486 or to the Galactic
field.
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Figure 13. Decontaminated CMD of FSR 486. Lines are Padova
and Siess isochrones representing our fit for FSR 486, and the
Gonc¸alves et al. (2012) parameters converted to isochrones for
the Dwarf galaxy IC 10.
is small and its distribution basically coincides with that of
the younger clusters. These panels also suggest an exten-
sion of the Outer Arm (Cygnus arm) towards the Galactic
third quadrant, which agrees with previous studies (Russeil
2003; Pandey, Sharma & Ogura 2006; Honma et al. 2007;
Russeil, Adami & Georgelin 2007; Hachisuka et al. 2009).
Examining panels (b) and (c) we point out that towards
the anticentre most clusters are concentrated within 250
pc of the Galactic plane, which is consistent with the thin
disk thickness (Vallenari, Bertelli & Schmidtobreick 2000;
Siebert, Bienaym & Soubiran 2003). However, some clusters
are found at large distances from the Galactic plane, mainly
in the spiral arms. The apparent limit in the distribution of
clusters to |z| > 0.75 kpc for Perseus and Local arms is a
selection effect, since the FSR catalogue presents overden-
sities with |b| 6 20◦. On the other hand, the star clus-
ter distribution on panels (b), (c), and (d) is consistent
with the Galactic disk warp in the third quadrant and the
extension of the Local arm until reaching the Outer arm
(Momany et al. 2004; Carraro et al. 2005; Moitinho et al.
2006; Va´squez et al. 2008).
The gap in the spatial distribution of clusters between
Perseus and Outer arms (Fig. 14) is not present when OCs
from WEBDA are included in the analysis (Papers I and
III). However, our clusters (Papers I, II, III, and present
work) are mostly ECs. They have not had enough time to
move far from their birth places and because of this trace the
spiral arms better than young OCs that have had time to
disperse. The WEBDA sample, in turn, appears to be rather
heterogeneous both from the point of view of observational
approaches and cluster properties. ECs are a minority in the
WEBDA database. Optical attempts of studying ECs are
often limited by dust absorption, and little capacity to sep-
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Figure 14. Spatial distribution of the star clusters in Papers I, II, III (circle) and the present ones (triangles). The shaded area indicates
the sector 160◦ 6 ℓ 6 200◦.
arate PMS stars from field contamination, thus, in general
they cannot be studied in the optical. Most open clusters in
WEBDA were analysed in the optical bands and were not
submitted to a field decontamination procedure. The de-
contamination algorithm has proved more robust to obtain
fundamental parameters. Therefore, we included in Fig. 14
a homogeneous sample of clusters analysed in the 2MASS
IR bands and subjected to the same analysis method.
4.4 Age distribution
ECs are the embryonic phase of the cluster evolution
(Camargo et al. 2011). However, as a consequence of the
gas expulsion by the feedback from massive stars (Tutukov
1978; Lada & Lada 2003), most of them dissolve com-
pletely on a timescale shorter than ≈ 30 Myr (infant mor-
tality). After this disruptive phase, the survivors reach
the maturity as OCs, but the infant weight loss may
c© 0000 RAS, MNRAS 000, 1–14
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Figure 15. The brown-shaded histogram presents the age distri-
bution for OCs and the grey-shaded histogram the same for ECs.
The black line histogram presents ECs with evidence to be in the
transition phase from embedded to open cluster.
exceed 50% (Kroupa & Boily 2002; Weidner et al. 2007;
Goddard, Bastian & Kennicutt 2010). Fig. 15 shows his-
tograms with the age distribution of the clusters in Fig. 14.
We argue that some ECs appear to be in the transition
phase from ECs to OCs. These clusters are generally weakly
embedded in the gas with decontaminated CMDs present-
ing better-defined cluster sequences and structures that fol-
low Kings profiles. We point out that the WISE survey
made it more accurate to infer the embedded nature of
young star clusters (e.g. Fig. 12). Typically, at 10 Myr we
are still detecting the systematic presence of dust emis-
sion (and certainly gas), at a phase where gas expulsion
is certainly taking place. The histograms in Fig. 15 show
that our contribution is significant, especially for the ECs.
They also suggest that the deeply embedded phase prob-
ably does not last longer than 5 Myr, which agrees with
previous estimates (Lada & Lada 2003; Allen et al. 2007;
Santos-Silva & Gregorio-Hetem 2012). However, the com-
plete gas expulsion occurs after 30 - 40 Myr.
5 CONCLUDING REMARKS
We investigate the nature of 27 star cluster candidates. Out
of this total 17 are located in the anticentre region in the
sector 160◦ 6 ℓ 6 200◦, 5 in the second, and 5 in the third
Galactic quadrants, outside the anticentre sector. Twenty
objects were confirmed as star clusters and we derived their
parameters. We suggest deeper photometry for 4 uncertain
cases and the remaining 4 are probably field fluctuations.
In addition, we provide a partial census of the open
clusters towards the Galactic anticentre with fundamental
parameters for 74 and structural parameters for 33 clusters.
Fifteen of them are newly found clusters as a result of our
infrared survey for new cluster candidates on the 2MASS
database (CBB 1 to CBB 16).
The use of Embedded Clusters and their derived dis-
tances appear to trace spiral arms with unprecedented ac-
curacy, since they are in general embedded in the nebu-
lae used themselves in the literature to trace spiral arms
from the kinematics. Early attempts using young clusters or
young open cluster distances possibly used relatively older
clusters that may have strayed from their formation loci.
Then, based on the Galactic distribution of these clusters,
we confirm that the Outer arm extends along the second and
third Galactic quadrants with Galactocentric distance in the
range of 12.5− 14.5 kpc for R⊙ = 7.2 kpc or 13.5− 15.5 kpc
for R⊙ = 8.0 kpc. Some ECs are found at large distances
from the Galactic plane (≈ 2 kpc).
We also point out that part of the unusual properties
of IC 10 may be explained by a contamination of our own
Galaxy in terms of stellar and nebular dust emissions, since
there is a Galactic H II region related with the EC FSR 486,
in the same direction.
We suggest new steps for a detailed classification of
young clusters.
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APPENDIX A: CROSS-IDENTIFICATION
In Table A1 are shown the cross-identifications or alternative
designations of the clusters.
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Table B1. Derived fundamental parameters for clusters in Papers I, II, and III.
Cluster phase α(2000) δ(2000) AV Age d⊙ RGC xGC yGC zGC
(hm s) (◦ ′ ′′) (mag) (Myr) (kpc) (kpc) (kpc) (kpc) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
BDSB71 EC 05:40:51.0 35:38:20.0 3.77± 1.0 3± 2 2.0± 0.4 9.16± 0.43 −9.02± 0.43 +0.19± 0.04 +0.10± 0.03
BDSB72 EC 05:40:54.0 35:40:22.0 3.77± 1.0 3± 2 2.1± 0.5 9.26± 0.49 −9.26± 0.49 +0.21± 0.05 +0.12± 0.02
BDSB73 EC 05:40:55.0 35:44:08.0 3.77± 1.0 3± 2 2.1± 0.5 9.32± 0.49 −9.32± 0.50 +0.22± 0.05 +0.12± 0.03
BPI 14 EC 05:29:00.0 34:24:00.0 1.98± 0.2 1± 1 2.7± 0.3 9.90± 0.30 −9.89± 0.30 +0.30± 0.03 −0.01± 0.01
CBB1 ECt 05:39:28.0 35:40:49.0 3.47± 0.9 10± 5 2.5± 0.2 9.76± 0.12 −9.75± 0.12 +0.29± 0.01 +0.11± 0.01
CBB2 EC 05:40:58.0 35:42:33.0 3.97± 1.0 3± 2 1.9± 0.5 9.11± 0.49 −9.11± 0.49 +0.22± 0.05 +0.09± 0.01
CBB 3 EC 05:27:43.3 34:32:36.0 1.98± 0.2 2± 1 2.7± 0.3 9.90± 0.30 −9.89± 0.30 +0.32± 0.03 −0.01± 0.01
CBB 4 EC 05:28:29.3 34:19:50.0 1.98± 0.2 2± 1 2.7± 0.3 9.90± 0.30 −9.89± 0.30 +0.30± 0.03 −0.01± 0.01
CBB 5 EC 05:28:33.9 34:28:37.0 1.98± 0.2 2± 1 2.7± 0.3 9.90± 0.30 −9.89± 0.30 +0.31± 0.03 −0.01± 0.01
CBB 6 EC 05:29:19.0 34:14:41.4 2.98± 0.2 2± 1 2.7± 0.5 9.93± 0.50 −9.92± 0.50 +0.30± 0.03 +0.0± 0.01
CBB 7 EC 05:26:50.0 34:43:10.0 2.98± 0.2 2± 1 2.5± 0.5 9.69± 0.50 −9.68± 0.50 +0.30± 0.03 −0.01± 0.01
CBB 8 EC 05:15:50.0 34:24:00.0 3.57± 0.2 2± 1 2.4± 0.7 9.61± 0.70 −9.60± 0.70 +0.34± 0.03 −0.10± 0.01
CBB 9 EC 05:25:55.0 34:50:54.0 3.27± 0.2 2± 1 2.6± 0.5 9.82± 0.50 −9.82± 0.50 +0.33± 0.03 −0.01± 0.01
Cz 22 OC 05:48:57.0 30:10:24.0 1.98± 0.1 200 ± 50 2.6± 0.1 9.80± 0.20 −9.79± 0.12 +0.03± 0.01 −0.06± 0.01
FSR 734 ECt 05:03:22.6 42:25:15.2 2.18± 0.2 2± 1 2.6± 0.3 9.77± 0.30 −9.74± 0.30 +0.72± 0.07 +0.02± 0.01
FSR735 OC 04:53:52.9 40:51:42.0 1.58± 0.1 500± 100 2.5± 0.1 9.60± 0.10 −9.56± 0.10 +0.67± 0.03 −0.08± 0.01
FSR 761 ECt 05:33:23.0 39:50:44.0 2.78± 0.2 2± 1 2.5± 0.3 9.73± 0.30 −9.72± 0.30 +0.47± 0.04 +0.16± 0.02
FSR 777 ECt 05:27:31.0 34:44:01.0 1.98± 0.2 3± 2 2.7± 0.3 9.89± 0.30 −9.89± 0.30 +0.33± 0.03 −0.01± 0.01
FSR 780 EC 05:27:26.0 34:24:12.0 1.98± 0.2 2± 1 2.7± 0.3 9.90± 0.30 −9.89± 0.30 +0.31± 0.03 −0.01± 0.01
FSR784 ECt 05:40:46.0 35:55:06.0 3.97± 1.0 5± 2 2.4± 0.5 9.60± 0.10 −9.60± 0.10 +0.27± 0.01 +0.12± 0.01
FSR807 EC 05:36:34.2 31:51:20.0 5.27± 0.1 5± 3 1.3± 0.1 8.50± 0.10 −8.5± 0.06 +0.08± 0.01 +0.00± 0.01
FSR812 ECt 05:38:13.5 31:44:00.0 2.48± 0.1 10± 5 3.3± 0.2 10.5± 0.20 −11.3± 0.20 +0.19± 0.01 +0.01± 0.01
FSR 816 ECt 05:39:17.0 31:30:05.0 1.98± 0.2 10± 5 1.8± 0.5 8.99± 0.50 −8.99± 0.50 +0.10± 0.01 +0.01± 0.01
FSR 817 EC 05:39:27.0 30:53:36.0 1.98± 0.2 2± 2 2.3± 0.3 9.56± 0.30 −9.56± 0.30 +0.10± 0.01 0.0± 0.01
FSR826 ECt 05:52:19.1 29:55:42.7 3.38± 0.1 10± 5 2.1± 0.1 9.30± 0.10 −9.27± 0.01 +0.01± 0.01 −0.02± 0.01
FSR 833 EC 06:05:15.0 30:47:55.0 1.79± 0.2 3± 2 2.9± 0.4 10.1± 0.40 −10.1± 0.40 −0.03± 0.01 +0.23± 0.02
FSR 842 ECt 05:34:18.8 25:36:38.0 2.68± 0.2 5± 3 1.9± 0.2 9.17± 0.20 −9.17± 0.20 −0.05± 0.01 −0.13± 0.01
FSR 846 EC 05:48:44.0 26:22:05.0 2.98± 0.2 3± 2 2.5± 0.3 9.70± 0.30 −9.70± 0.30 −0.11± 0.01 −0.03± 0.01
FSR 850 ECt 05:45:15.0 24:45:13.0 2.18± 0.2 10± 5 2.7± 0.5 9.96± 0.50 −9.96± 0.50 −0.17± 0.02 −0.11± 0.01
FSR852 OC 05:53:35.0 25:10:52.0 0.99± 0.1 1000 ± 200 2.2± 0.1 9.40± 0.10 −9.43± 0.01 −0.16± 0.01 −0.02± 0.01
FSR 864 ECt 05:47:49.9 21:55:32.5 2.48± 0.2 5± 3 2.9± 0.3 10.1± 0.30 −10.1± 0.30 −0.32± 0.03 −0.16± 0.02
FSR 868 ECt 05:24:56.0 18:18:21.0 2.98± 0.2 5± 3 2.7± 0.3 9.90± 0.30 −9.88± 0.30 −0.30± 0.03 −0.46± 0.04
FSR 888 ECt 06:22:13.0 23:24:33.0 3.17± 0.2 3± 2 2.7± 0.3 9.84± 0.30 −9.83± 0.30 −0.41± 0.04 +0.21± 0.02
FSR 890 EC 06:23:10.0 23:11:13.0 3.37± 0.2 3± 2 2.6± 0.3 9.77± 0.30 −9.76± 0.30 −0.41± 0.04 +0.20± 0.02
FSR 893 OC 06:13:45.0 21:32:54.0 0.99± 0.06 3000 ± 1500 1.1± 0.5 8.30± 0.50 −8.31± 0.50 −0.18± 0.02 +0.04± 0.01
FSR904 ECt 06:07:09.1 19:01:08.2 1.98± 0.1 20 ± 10 2.2± 0.1 9.40± 0.10 −9.42± 0.10 −0.43± 0.02 −0.03± 0.01
FSR941 OC 06:21:47.3 15:44:22.7 2.48± 0.1 500± 150 5.8± 0.3 12.9± 0.30 −12.8± 0.30 −1.55± 0.07 +0.08± 0.01
FSR 944 EC 07:21:48.0 22:29:50.0 3.17± 0.2 3± 2 2.4± 0.3 9.50± 0.30 −9.45± 0.30 −0.63± 0.06 +0.68± 0.07
FSR 946 EC 06:10:58.0 14:09:30.0 4.46± 0.2 1± 1 2.1± 0.3 9.21± 0.30 −9.19± 0.30 −0.56± 0.05 −0.08± 0.01
FSR 947 ECt 06:08:59.0 13:52:34.0 2.38± 0.2 2± 1 2.9± 0.3 10.1± 0.30 −10.0± 0.30 −0.80± 0.08 −0.15± 0.01
FSR953 OC 06:19:02.0 14:08:53.0 1.49± 0.1 500± 150 2.6± 0.2 9.80± 0.20 −9.72± 0.12 −0.75± 0.04 −0.02± 0.01
FSR955 ECt 06:23:56.0 14:30:26.0 1.58± 0.1 10± 5 3.7± 0.2 10.8± 0.20 −10.8± 0.20 −1.09± 0.05 +0.04± 0.01
G173Cl. ECt 05:39:28.0 35:40:13.0 3.47± 0.9 10± 5 2.5± 0.2 9.76± 0.12 −9.75± 0.12 +0.29± 0.01 +0.11± 0.01
KKC11 EC 05:41:24.0 35:47:34.0 3.47± 0.9 5± 2 2.2± 0.5 9.43± 0.10 −9.43± 0.10 +0.24± 0.01 +0.11± 0.01
Kromb. 1 ECt 05:28:22.0 34:46:01.0 1.98± 0.2 3± 2 2.7± 0.3 9.89± 0.30 −9.89± 0.30 −0.32± 0.03 −0.01± 0.01
NGC2234 OC 06:29:20.0 16:45:27.0 3.87± 0.1 50 ± 20 4.8± 0.2 11.9± 0.20 −11.9± 0.20 −1.29± 0.06 +0.24± 0.01
PCS 2 EC 05:39:13.0 35:45:53.0 3.47± 1.0 3± 2 2.2± 0.5 9.39± 0.49 −9.38± 0.49 +0.25± 0.06 +0.09± 0.02
Sh2-232 IR EC 05:41:07.4 35:49:21.0 4.96± 1.0 5± 2 1.9± 0.5 9.13± 0.50 −9.13± 0.50 +0.22± 0.06 +0.09± 0.03
Sh2-233 SE EC 05:39:09.6 35:45:10.0 3.47± 0.8 3± 2 2.2± 0.5 9.39± 0.49 −9.38± 0.49 +0.25± 0.06 +0.07± 0.02
Sh2-235A EC 05:40:53.0 35:42:15.0 3.97± 1.0 3± 2 1.9± 0.5 9.11± 0.49 −9.11± 0.49 +0.21± 0.05 +0.10± 0.02
Sh2-235B EC 05:40:51.0 35:41:55.0 3.97± 1.0 3± 2 1.9± 0.5 9.11± 0.49 −9.11± 0.49 +0.21± 0.05 +0.09± 0.01
Sh2-235Cl. EC 05:41:08.0 35:49:15.0 3.77± 1.0 5± 2 2.0± 0.6 9.16± 0.09 −9.16± 0.10 +0.22± 0.01 +0.10± 0.01
Sh2-235 E2 ECt 05:41:24.0 35:52:21.0 3.97± 1.0 5± 3 2.1± 0.5 9.29± 0.10 −9.29± 0.10 +0.23± 0.01 +0.10± 0.01
Stock 8 EC 05:28:07.0 34:25:28.0 1.98± 0.2 2± 1 2.7± 0.3 9.89± 0.30 −9.89± 0.30 +0.31± 0.03 −0.01± 0.01
Table Notes. Col. 2: evolutionary phase: EC - embedded cluster, OC - open cluster, and ECt - transition cluster; Cols. 3 and 4: Optimised
central coordinates; Col. 5: AV in the cluster’s central region. Col. 6: age, from 2MASS photometry. Col. 7: distance from the Sun. Col.
8: RGC calculated using R⊙ = 7.2 kpc as the distance of the Sun to the Galactic centre (Bica et al. 2006). Cols. 9 - 11: Galactocentric
components.
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Table B2. Structural parameters for clusters in Papers I, II, and III.
Cluster (1′) σ0K Rcore RRDP σ0K Rcore RRDP
(pc) (∗ pc−2) (pc) (pc) (∗ ′−2) (′) (′)
(1) (2) (3) (4) (5) (6) (7) (8)
Cz 22 0.74 20.8± 4.7 0.53± 0.07 4.1± 1.1 11.4± 2.6 0.72± 0.10 5.5± 1.5
FSR 734 0.76 24.6± 5.4 1.05± 0.21 7.2± 1.4 14.2± 3.1 1.38± 0.28 9.5± 1.5
FSR735 0.71 19.2± 3.2 0.53± 0.06 6.1± 0.7 9.8± 1.6 0.75± 0.09 8.5± 1.0
FSR 761 0.74 10.2± 1.8 0.50± 0.07 3.7± 0.7 5.6± 1.0 0.68± 0.10 5.3± 1.0
FSR 777 0.78 16.2± 2.1 0.59± 0.06 4.3± 0.8 9.8± 1.3 0.76± 0.08 5.5± 1.0
FSR784 0.69 56.7± 4.0 0.25± 0.01 2.1± 0.7 27.0± 1.9 0.36± 0.02 3.0± 1.0
FSR807 0.37 68.2± 10.8 0.15± 0.01 1.5± 0.4 9.4± 1.5 0.41± 0.04 4.0± 0.5
FSR812 0.96 9.9± 3.9 0.70± 0.08 3.8± 1.0 9.1± 3.6 0.72± 0.20 4.0± 1.0
FSR 817 0.68 14.4± 4.1 0.45± 0.07 4.1± 1.0 6.7± 1.9 0.67± 0.10 6.0± 1.5
FSR826 0.59 35.8± 8.6 0.35± 0.06 3.0± 0.9 12.5± 3.0 0.59± 0.10 5.0± 1.5
FSR 842 0.62 12.0± 0.5 0.65± 0.06 4.3± 0.1 4.6± 0.2 1.05± 0.09 7.0± 2.0
FSR 846 0.72 11.6± 4.1 0.43± 0.10 3.2± 1.0 6.0± 2.1 0.60± 0.15 4.5± 1.5
FSR 850 0.79 5.5± 1.1 1.20± 0.03 7.9± 2.4 3.4± 0.7 1.50± 0.26 10.0± 3.0
FSR852 0.64 42.5± 18.7 0.60± 0.20 6.4± 0.6 17.4± 7.7 1.01± 0.27 10.0± 1.0
FSR 864 0.84 15.1± 0.9 0.40± 0.06 5.0± 0.8 12.6± 0.7 0.48± 0.07 6.0± 1.0
FSR 868 0.79 8.2± 3.4 0.48± 0.15 3.9± 1.6 5.1± 2.1 0.61± 0.19 5.0± 2.0
FSR 888 0.80 10.3± 3.9 0.49± 0.20 3.2± 0.8 6.6± 2.5 0.62± 0.20 4.0± 1.0
FSR 890 0.75 10.1± 3.9 0.36± 0.10 2.2± 0.8 5.7± 2.2 0.49± 0.20 3.0± 1.5
FSR 893 0.32 36.1± 3.9 0.51± 0.08 2.9± 0.6 3.7± 0.4 1.61± 0.24 9.0± 2.0
FSR904 0.65 6.8± 1.0 1.71± 0.27 11.0± 2.0 2.9± 0.4 2.63± 0.41 17.0± 3.0
FSR941 1.68 1.9± 1.1 1.44± 0.70 16.0± 3.4 5.5± 3.3 0.86± 0.42 9.5± 3.0
FSR 944 0.70 13.9± 2.6 0.39± 0.07 3.8± 1.1 6.8± 1.3 0.56± 0.10 5.5± 1.5
FSR953 0.75 9.7± 5.7 0.77± 0.30 8.3± 1.1 5.5± 3.2 1.03± 0.42 11.0± 1.5
FSR955 1.08 18.0± 3.3 0.39± 0.05 3.2± 1.1 21.0± 3.9 0.35± 0.05 3.0± 1.0
NGC2234 1.40 4.0± 1.8 0.78± 0.2 5.6± 1.4 7.9± 3.5 0.56± 0.17 4.0± 1.0
Sh2-235Cl. 0.56 138.1± 27.4 0.10± 0.01 1.4± 0.3 43.3± 8.6 0.18± 0.02 2.5± 0.5
Sh2-235 E2 0.60 71.7± 25.0 0.13± 0.03 1.2± 0.3 25.8± 9.0 0.21± 0.05 2.0± 0.5
Table Notes. Col. 2: arcmin to parsec scale. To minimise degrees of freedom in RDP fits with the King-like profile (see text), σbg was
kept fixed (measured in the respective comparison fields) while σ0 and Rcore were allowed to vary.
Table A1. Cross-identification of the clusters.
Desig#1 Desig#2 Desig#3 Desig#4
(1) (2) (3) (4)
NGC1807 Mel29 Cr61 OCL462
NGC1857 OCL428
NGC2331 Cr 126 OCL-475
NGC1624 Cr 53 OCL-403 BDSB67
APPENDIX B: ONLINE MATERIAL
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